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This article describes the techniques of isolation and culture of human airway epithelial cells from large airways and from distal airways.
Both cell types are obtained from lung pieces collected during surgery. The protocols start with an initial step of washing and dissection of the
lung pieces to separate large airways or distal airways from the surrounding parenchyma. The second step is enzymatic isolation of epithelial
cells from the dissected large or distal airways. Cells are then collected by centrifugation and then seeded onto collagen surfaces. Epithelial
cells can be grown at an air– liquid interface and usually form a confluent and functional epithelial layer within days.
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Here we describe two protocols of air– liquid interface
cultures of human airway epithelial cells. One protocol
refers to human epithelial cells from large airways and the
second one to human epithelial cells from distal airways.
In both cases, cells are obtained from lung pieces collected
during surgery. The protocols have been used in the
authors’ laboratories to characterize ion and fluid transport
[1], host defence processes [2] and to evaluate gene
transfer protocols [3].2. Materials
2.1. Incubation media (for cell isolation)
For large airways: modified MEM medium supple-
mented with penicillin (50 U/ml), streptomycin (50 Ag/
ml), tobramycin (40 Ag/ml), ceftazidime (50 Ag/ml), ampho-
tericin B (2.5 Ag/ml), imipenem–cilastin (50 Ag/ml), DNase
(10 Ag/ml) and dithiotreitol (0.5 mg/ml).1569-1993/$ - see front matter D 2004 European Cystic Fibrosis Society. Publish
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mented with penicillin/streptomycin (1 mg/ml), gentamicin
(0.5 mg/ml) and amphotericin B (10 Ag/ml); for CF lung
pieces: add ceftazidime (500 Ag/ml) and ticarcilline (500 Ag/
ml). All chemicals are obtained from Sigma.
2.2. Digestion media (for cell isolation)
For large airways: incubation medium + 0.1% protease
14 (Sigma). For distal airways: MEM/Ham’s F12 medium
supplemented with 0.1% protease (Sigma) and 0.1% DNase
(Sigma).
2.3. Culture support
For large airways: transwells (Millicell, Millipore;
Schwalbach, Germany) coated with collagen type I from
Sigma. To obtain a solution of collagen, add collagen to 0.1
M acetic acid—to obtain 0.1 wt.%/vol.% collagen solution
(1 mg/ml)—allow to stir at room temperature for 1–3 h until
dissolved. This solution can be stored at 4 jC for about 4
weeks. The 0.1% collagen solution should be diluted 1:10
with distilled water to obtain a working concentration of
0.01% collagen solution (0.01%= 0.1 Ag collagen/Al). Use
100 Al of this collagen solution to coat 1.2-cm inserts and
use 1 ml to coat 3.0-cm inserts. Allow the collagen to binded by Elsevier B.V. All rights reserved.
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surface and let dry for 30 to 60 min. The dried-coated
surface can be sterilized easily by exposure to UV light, in a
sterile tissue culture hood for 2–3 h.
For distal airways: homemade collagen membrane
affixed to a Plexiglas support (we use collagen type I from
Sigma, coated with vitrogen from Celtrix; Santa Clara,
CA, USA).
2.4. Media for air–liquid interface culture
For large airways: DMEM/Ham’s F12 (Gibco) supple-
mented with Ultroser G 2 vol.%/vol.% (Gibco) and Peni-
cillin/streptomycin (100 ) at a final concentration of 1
vol.%/vol.%.
For distal airways: DMEM/Ham’s F12 medium supple-
mented with: insulin (5 Ag/ml), transferrin (7.5 Ag/ml),
hydrocortisone (10 6M), endothelial cell growth supple-
ment (2 Ag/ml), EGF (25 ng/ml), triiodothyronine
(3 10 8 M), L-glutamine (1 mM), penicillin/streptomycin
(100 Ag/ml), gentamicin (50 Ag/ml) and amphotericin B (5
Ag/ml). For CF cultures, add ceftazidime (125 Ag/ml) and
tobramycin (100 Ag/ml); all chemicals are obtained from
Sigma.3. Methods
3.1. Get approval from your local ethics committee
Use of human tissues for any purpose is subjected to
approval by ethics committees in all EU states.
3.2. Isolation and culture of epithelial cells from large
airways
Get the resected lung prepared on a clean working
surface. Dissect the large airways, trachea or main bron-
chus. Start the dissection proximal, and proceed distally.
Store the large airways in PBS or saline for up to 2
h (transport to the lab). Clean up the large airways by
washing the airways several times in PBS. Then, dissect-
off attached soft tissue or lung parenchyma. Cut the
airways open longitudinally. Incubate in the incubation
medium for 6 to 24 h at 4 jC. Replace the medium with
the digestion medium; store for 24 h at 4 jC. Transfer the
airway and the digestion solution into plastic dishes.
Using forceps and a scalpel, scrape the luminal surface
of the airways for 4–5 times. This should wash epithelial
cells into the solution. Get rid of the airway material and
keep the medium with the suspended cells. Spin the
medium at 170 g for 10 min. Keep the pellet; discharge
the supernatant. Resuspend the pellet in BEGM (Clo-
netics). Spin the solution for 40 g for few seconds (let
the centrifuge reach 40 g and then stop the centrifuga-
tion) to pellet large amounts of mucus and other material.Pour the solution in conventional plastic dishes and
cultivate at 37 jC in a humidified atmosphere of 5%
CO2 in air. After 24 h, collect the cells and spin them
down. To seed the cells onto the transwells coated with
collagen (collagen type I, Sigma C9791), wet the mem-
brane with medium for 10 min, then empty the wells. Fill
the lower reservoir first with culture medium (1 ml for
large 3-cm inserts, 0.2 ml for small 1.2-cm inserts). Fill
the upper reservoir with culture medium containing the
appropriate number of cells to obtain a density of
approximately 1106 cells/cm2 (0.5 million cells for
small inserts and 4 106 cells for large inserts). Avoid
contamination of the lower reservoir with the solution
containing the cells.
3.3. Isolation and culture of epithelial cells from distal
airways
Wash the lung pieces with the incubation medium and
put it on a clean working surface. Start by cutting off the
large structures (bronchi, vessels, etc.). Bronchioles are
identified on the basis of absence of wall cartilage and an
outer diameter V 1 mm. Carefully dissect segments of
bronchioles free from the surrounding lung parenchyma
with sharp curved scissors and by using binoculars. The
length of the segments varies between 3 and 10 mm.
Immediately after dissection, place the bronchiolar seg-
ments in a dish, containing the incubation medium, at 4
jC. For CF bronchioles, the segments are maintained at
least 4 h in the incubation medium to remove the
bacterial contamination. Bronchioles are cut open longi-
tudinally to expose the epithelium to the digestion medi-
um. Incubate the bronchioles in the digestion medium for
24 h at 4 jC. Neutralize the enzymes by adding foetal
bovine serum (10 vol.%/vol.%) in the digestion medium
and then discard the remaining bronchiolar structures.
Harvest the epithelial cells by centrifugation (130 g
for 5 min). Add culture medium to the pellet. Check
the cells with a microscope and count them using a
Malassez cell counter. Fill the lower reservoir with culture
medium. Seed the cells on the collagen membrane (vitro-
gen) at a density of 4 104 cells/mm2.
3.4. Culture after seeding
Culture the cells at 37 jC in a humidified atmosphere
of 5% CO2 in air. Check the cells with a microscope;
after 1 day, they should be settled and nearly confluent.
For bronchiolar but not bronchial cultures, no medium is
added on the surface of the cells after the seeding. For
large airway cultures, remove the apical medium when
cells are completely confluent, with no holes in the layer
(usually after 3 days), and wash the epithelial layer with
PBS every 2 or 4 days at the apical side. Change the
basolateral culture medium every other day. Avoid con-
taminating the upper reservoir with basolateral culture
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(check for beating cilia) and/or an ohmmeter (e.g., from
World Precision Instruments) to measure the transepithe-
lial electrical resistance.Acknowledgements
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